A randomized phase II multicenter clinical trial comparing the efficacy of fludarabine (FAMP) to that of the association of cyclophosphamide, doxorubicin and prednisone (CAP) in 92 patients with Waldenströ m's macroglobulinemia in first relapse or with primarily resistant disease, was conducted on the behalf of the 'Groupe Coopé ratif Macroglobuliné mie'. The main analysis of this study failed to demonstrate a clear cut benefit of FAMP in terms of overall survival (OS), although a significant benefit in terms of time to disease progression and event-free survival (EFS) was noted. In this rare disorder, where few randomized trials have been conducted, we took advantage of this trial to assess treatment differences while integrating quality of life considerations. We thus performed a quality-adjusted survival analysis, using the quality-adjusted time without symptoms or toxicity (Q-TWiST) approach. Four health states differing in terms of quality of life (QoL) were defined, namely treatment-related toxicity, treatment free of toxicity, no treatment or symptoms, and relapse. The average time spent in these health states (TOX, CT, TWiST and REL, respectively) were then weighted by utility coefficients reflecting relative QoL value according to that of TWiST and summed up giving the so-called Q-TWiST. No difference was found between randomized groups in terms of mean CT. Mean TOX in the two groups were similarly close except when considering alopecia as a relevant toxic event. By contrast, mean TWiST was 5.9 months longer in the FAMP group than in the CAP group (P = 0.006). Unsurprisingly, given the absence of difference in OS but the difference in EFS in favor of the FAMP group, mean REL was increased by 6.8 months in the CAP group (P = 0.047). As a result, benefit of FAMP in terms of average Q-TWiST only relied on the value of the utility coefficient attributed to REL (U REL ), with a significant benefit when UREL ranged from 0 to 0.28, ie in patients undergoing poor QoL after relapse, which is likely. Leukemia (2001Leukemia ( ) 15, 1466Leukemia ( -1470 
Introduction
Waldenströ m's macroglobulinemia (WM) is a rare malignant disease characterized by the proliferation of well-differentiated plasmacytic lymphocytes producing a monoclonal immunoglobulin (IgM). Historically, first-line therapy consisted of the use of alkylating agents with or without steroids. 1 Recent studies have suggested the efficacy of purine analogssuch as fludarabine and 2-chlorodeoxyadenosine -in previously untreated and treated patients. However, no consensus exists for the treatment of patients with either first relapse or primary resistant disease. [2] [3] [4] [5] [6] [7] [8] The 'Groupe Coopératif Mac- Main statistical analysis of this trial performed at the reference date of 16 April 1999 failed to show any clear-cut benefit of FAMP over CAP in terms of overall survival (P = 0.62), although a significant benefit in terms of time to disease progression (P р 0.001) and event-free survival (P р 0.001) was reported.
This study addressed the potential difference in the quantity of survival between CAP and FAMP, and was not originally designed to provide insight into the quality of that survival.
Secondary end points such as ability to tolerate treatment, the impact of treatment on functional status and overall quality of life (QoL) may distinguish one choice from the other, particularly when treatment options achieve similar long-term survival. In order to integrate QoL considerations into the treatment comparison, quality-adjusted survival analyses have been proposed. [9] [10] [11] [12] It allows the combination of ordered end points such as treatment-related toxicity, disease progression and death, as a basis for comparison of the effect of different treatments on the average course for patients. This so-called quality-adjusted time without symptoms and toxicity (QTWiST) methodology consists of estimating the duration of health states that differ in terms of QoL and weighting these durations according to their respective QoL to derive a quality-adjusted survival end point. We decided to retrospectively derive quality-adjusted survival in the setting of this randomized phase II trial.
Materials and methods
The study design and the main results of the trial have been reported elsewhere 13 and will only be briefly summarized here.
From December 1993 to December 1997, 92 patients (pts) with resistant or relapsing Waldenströ m's macroglobulinemia were randomly allocated to receive monthly courses of either fludarabine (FAMP) (46 pts) or CAP (cyclophosphamide, doxorubicine, prednisone) (46 pts). Response was evaluated after six courses of chemotherapy, as follows: treatment was considered as a failure in case of mixed response, no response, or progressive disease after completion of the protocol, as well as in case of progressive disease after three courses of chemotherapy or withdrawal from the study. Clinical and biological criteria of response are detailed in the main report of this trial. 13 For each course of chemotherapy, duration and intensity of toxic events were collected by the referring physician, using the WHO scale for each organ or symptom. Toxic events were considered in the analysis when their intensity was such that they had a possible impact on QoL, as defined in the Appendix.
Derivation of the Q-TWiST
Quality-adjusted survival is based on the partitioning of survival times in distinct successive time lengths according to relevant health states. Three states are usually defined: time with treatment-related toxicity (TOX), time without disease symptoms and toxicity (TWiST) and time from treatment failure to death (REL). We defined duration of treatment without treatment-related toxicity (CT) as an additional clinically relevant health state.
Each time is then weighted according to patient's preferences. This reaches the so-called Q-TWiST, given by:
where TOX is the duration of treatment with toxic side-effects (as detailed below), CT is the duration of the treatment without toxicity, TWiST is the time without disease symptoms and treatment-related toxicity, REL is the time from treatment failure to death; U TOX , U CT , U REL are utility weights on a scale from 0 (as bad as death) to 1 (TWiST), to reflect the value of time relatively to TWiST in the health states TOX, CT and REL, respectively.
Statistical analysis
The Q-TWiST analysis was performed on the basis of the intent-to-treat and reference date (16 April 1999) principles. The mean duration of each health state (TOX, CT, TWiST and REL) were estimated from the clinical trial data, with comparison of treatments in terms of average Q-TWiST. 14 Time to each relevant health state was estimated by the Kaplan-Meier method. 15 We estimated time with toxicity (TOX) from the recorded individual duration of toxic events, as the number of days with at least one relevant toxicity, as defined in the Appendix. However, since effective duration of alopecia was not recorded, two analyses were performed: (1) excluding alopecia from the set of possible toxic events and (2) estimating mean duration of alopecia at 90 days (see Appendix). Overall duration of treatment was estimated from the first day of the first chemotherapy to either the last day of the final course of chemotherapy or the last day of toxicity. Time to treatment failure and overall survival (OS) were estimated from randomization.
Restricted mean time spent in each health state was estimated separately for each treatment arm by the area under the non-parametric Kaplan-Meier curve, with data truncation at median follow-up interval, ie median time elapsed from inclusion to reference date (43 months), as previously recommended. 14, [16] [17] [18] Mean duration of CT was estimated by difference between mean durations of treatment and TOX, respectively, while mean duration of REL was estimated by difference between mean OS and mean time to treatment failure.
Since no patient-level data were available to estimate utility weights, results are presented as threshold utility analyses over the range of the different utility weights. Two-sided P values Leukemia are given using a t-test based on observed differences between treatments, with standard errors computed by the bootstrap method (based on 999 independent replications).
14 Statistical analysis was performed on SAS (SAS Inc, Cary, NC, USA) and Splus (MathSoft Inc, Seattle, WA, USA) software packages.
Results
At the reference date of 16 April 1999, median follow-up was 43 months, no patient was lost to follow-up and 40 have died, 19 patients in the CAP arm and 21 patients in the FAMP arm.
Analysis of the trial failed to demonstrate any significant difference in terms of survival between the two groups (P = 0.62, by the log-rank test). However, event-free (EFS) and disease-free (DFS) survivals were both significantly higher in patients allocated to the FAMP arm (P Ͻ 0.001 each, by the log-rank test). Figure 1 displays the partitioning of survival times for each treatment group into the clinical health states defined for the Q-TWiST model, ie TOX, CT, TWiST and REL, while the resulting restricted mean durations are given in Table 1 .
No difference was found between the two randomized groups in terms of mean duration of treatment free of toxicity, ie CT (4.6 months in both groups). When considering time with toxicity as the number of days with at least one relevant toxicity excluding alopecia, mean times spent in TOX in the FAMP and the CAP groups were similarly close (6.1 vs 7.9 days, respectively, P = 0.40; Figure 1 ). When computing TOX as the sum of the days spent with any relevant toxicity except alopecia, results were slightly modified (mean TOX: 7.5 in the FAMP group vs 9.4 days in the CAP group, P = 0.51). However, introducing alopecia as a relevant toxic event affecting QoL for 90 days achieved a significantly shortened mean duration of TOX in the FAMP group (10.0 days) as compared to the CAP group (29.4 days, P = 0.005). Nevertheless, owing to the slight to moderate clinical differences in TOX duration between the two randomized groups (from 2 days to 20 days) relatively to the mean OS (accounting for 0.2% to 2%) whatever the computation used, the first estimates of mean TOX (6.1 days and 7.9 days) were subsequently used in the analysis. Finally, by contrast, mean time in REL was increased by 6.8 months in the CAP group as compared to the FAMP group (24.2 vs 17.4 months in the CAP group, P = 0.047). As a result, a gain in mean TWiST of 5.9 months was observed in the FAMP group (8.4 vs 2.5 months in the CAP group, P = 0.006).
Secondly, we performed a threshold utility analysis by introducing utility coefficients. As expected, results were almost independent of the utility weights associated with TOX or CT. Indeed, mean durations of CT and TOX were very close in both groups. As a result, whatever the values of U TOX or U CT , the potential benefit of FAMP in terms of average Q-TWiST was only related to the value of the utility coefficient attributed to REL (U REL ). This is illustrated in Figure 2 where U TOX and U CT have been arbitrarily fixed at 0.2 and 0.5, respectively. For U REL ranging from 0 to 0.28 , average Q-TWiST was significantly higher for the FAMP group than for the CAP group with a benefit (⌬Q-TWiST) between 125 and 200 days. For U REL values ranging from 0.28 to 0.88, average Q-TWiST was higher for the FAMP group, although not significantly. It is only for high values of U REL (Ͼ0.88) that average Q-TWiST was higher in the CAP group than in the FAMP group, but never significantly.
When considering all the possible values of U TOX and U CT , the threshold value of U REL below which the average Q-TWiST Partitioning of survival time for each treatment group into the four clinically relevant clinical health states retained for defining the Q-TWiST model, namely: CT, TOX, TWiST, REL. In this figure, TOX was estimated as the number of days with at least one relevant toxic event, excluding alopecia (see Appendix). As indicated in the figure, the areas between the survival curves represent the means health duration restricted to the median follow-up interval of 43 months.
was significantly higher with the FAMP group over the CAP group was slightly modified, ranging from 0.27 to 0.30.
Discussion
Treatment of advanced stage of Waldenströ m's macroglobulinemia is still a challenging problem for clinicians. Indeed, despite progress in supportive care treatment and the introduction of purine analogs, the disease remains incurable. 1, 3, 4, [19] [20] [21] [22] In this setting, evaluation of quality of life is of prime interest.
We performed a randomized trial comparing fludarabine to Each column gives the estimated restricted mean duration expressed in days over the follow-up with s.e. TOX is the duration of treatment with toxic side-effects, CT is the duration of the treatment without toxicity. TWiST is the time without symptoms of disease and toxic side-effects, REL is the time from treatment failure to death. OS, overall survival; s.e., standard error.
Figure 2
Threshold utility analyses: plot of the mean difference in Q-TWiST between the FAMP and the CAP arm (⌬Q-TWiST) against U REL coefficient. U TOX and U CT were arbitrarily fixed at 0.2 and 0.5, respectively. The dashed lines represent limits of statistical significance (␣ = 5%) for ⌬Q-TWiST. Nevertheless, the plotted curve was slightly dependent on values chosen for U TOX and U CT (see text for more details).
CAP in patients with WM in first relapse or primary refractory disease. Main analysis of this trial failed to demonstrate a benefit of the FAMP group over the CAP group in terms of survival, although the duration of response and the event-free survival was significantly superior with FAMP over CAP.
The Q-TWiST approach was first used in the evaluation of cancer clinical trials, notably in breast cancer, 23 ,24 malignant melanoma, 25, 26 colorectal cancer 23, 27 and prostate cancer. 28, 29 Such an approach has also been used more recently in the evaluation of hematological malignancies, such as follicular lymphoma, 16 childhood acute myeloid leukemia 17 and multiple myeloma. 18 It is especially appropriate when no significant difference in terms of overall survival is observed between the randomized groups, whilst differences in secondary end points (affecting quality of life) are observed. Indeed, the Q-TWiST approach allows assessment of potential average differences in treatment effect when integrating quality of life considerations, which appear of prime interest, at least from a palliative point of view.
The application of the Q-TWiST method first requires the definition of a sequence of relevant health states, usually three: time of treatment-related toxicity, time without disease symptoms or toxicity, and time after treatment failure. These relevant states are weighted by utility coefficients to incorpor-ate QoL considerations. As detailed information for the duration of treatment and toxicity was available in this trial, we chose to define four health states (TOX, CT, TWiST, REL), ie by segregating treatment duration according to the occurrence of toxicity or not. However, this was poorly informative, since both separate mean durations of TOX and CT were close between randomized groups. Indeed, our findings showed no differences between the FAMP and CAP groups in terms of either mean CT (4.6 months in both groups) or TOX (6.1 and 7.9 days, respectively). Interestingly, mean duration of TOX was very short in both groups, accounting for less than 1% of the median follow-up, although accounting for alopecia achieved a 20-day difference between the two groups (10.0 vs 29.4 days, respectively, P = 0.005). Nevertheless, this difference only accounted for 1.6% of the median follow-up, so that its potential influence on the resulting mean difference in average TWIST was negligible (6 months excluding or including alopecia). By contrast, the difference of 6.8 months between the FAMP and CAP groups in mean REL (accounting for 14% of median follow-up) was more important, and likely resulted in the prolonged average mean TWiST by 6 months of the FAMP group over the CAP group. Indeed, patients with advanced WM have a poor outcome whatever the proposed treatment. A benefit of about 6 months in terms of TWiST, that represents 15% of their median survival time, seems not negligible, given the low toxicity profile of both treatment groups.
Because this trial did not incorporate any quality-of-life objective in its original design, patient assignment of utility values was not available to estimate mean Q-TWiST. Thus, a threshold utility analysis was performed. Nevertheless, selfreports of measures of patient utility may be susceptible to the effects of cognitive biases which makes a straightforward interpretation of the measure of utility problematic, as recently summarized by Hanita. 30 The threshold analysis, giving information for all possible sets of utility coefficient circumvents these problems.
As expected, given the difference in mean times spent in REL between the two groups, results almost only depended on the utility coefficient value attributed to REL (U REL ). We found that, when attributing a low utility coefficient to the relapse state (ie U REL Ͻ 0.3), average Q-TWiST was significantly higher for the FAMP group over the CAP group. Moreover, there was no situation, whichever utility coefficient used, where the mean difference in Q-TWiST was significantly higher in the CAP group than in the FAMP group. Finally, in these WM patients refractory or relapsing after first-line treatment, low values of the utility coefficient attributed to REL appear realistic, despite the underlying heterogeneity of this state. Therefore, clinical benefit of the FAMP over the CAP group could be expected for most of these patients.
In summary, the Q-TWiST approach provides a useful method in interpreting clinical trials dealing with chronic diseases. In patients with relapsing or refractory WM, it demonstrated that, for clinically pertinent choices of utility coefficient values, FAMP could be significantly beneficial over CAP in terms of quality-adjusted survival.
